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(54) PROCESS FOR PREPARATION OF SULFONATE OF POLYMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process for preparing of a sulfonate of a polymer in a high purity and a 
high yield. 

SOLUTION: The process comprises the sulfonating of a polymer having an aromatic ring in the main chain with a 
sulfonating agent in the presence of a solvent containing at least one compound between an ether compound and 
a carbonyl group-containing compound. The above polymer available is such a polymer as, for example, a 
polysulfone and a polyethersulfone. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a sulfonation thing in which it is a manufacturing method of 
a sulfonation thing which carries out the sulfonation reaction of a polymer which has an aromatic 
ring in a main chain, and the sulfonating agent under solvent existence, and said solvent contains 
at least one compound of an ether compound and a carbonyl group containing compound. 
[Claim 2]The manufacturing method according to claim 1 which is a polymer in which a polymer 
which has an aromatic ring in a main chain includes a repeated structure unit expressed with a 
following chemical formula (1). 
[Formula 1] 



• • • en 



<TfeJ:<- aBO. 1, 2, 3, 4 £fcS45T-<&0, bttl. 2. i:&tt3tf 
»D, c}40$fc»lT?»«. 

[Claim 3]The manufacturing method according to claim 1 or 2 whose ether compound is at least 
one compound of a compound shown in a following chemical formula (2) and a chemical formula 
(3) and whose carbonyl group containing compound is at least one compound of a compound 
shown in a following chemical formula (4) and a chemical formula (5). 
R 1 -0-R 2 ... (2) 

In said formula (2), R 1 and R 2 show an alkyl group, a cycloalkyl group, or a phenyl group of the 
carbon numbers 1-10, respectively. 
A 1 -0-(R 3 -0) n -A 2 ... (3) 

In said formula (3), A 1 and A 2 , Alkylphenyl group or -S0 3 M which has 1-3 alkyl groups of the 
carbon numbers 1-9 as a hydrogen atom, an alkyl group of the carbon numbers 1-10, a phenyl 
group, and a substituent is shown, respectively, M shows a hydrogen atom, alkali metal ion, or 
ammonium, R 3 shows an alkylene group of the carbon numbers 2-4, and n shows an integer of 1- 
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10. 

R 1 -CO-R 2 ... (4) 

In said formula (4), R 1 and R 2 show an aikyl group, a cycloajkyl group, or a phenyl group of the 
carbon numbers 1 -1 0, respectively. 
R 6 -COOR 4 ... (5) 

R 6 in said formula (5) An alkyl group of the carbon numbers 1-10, a cycioalkyl group, An 
alkytphenyl group which has 1-3 alkyl groups of the carbon numbers 1-9 as a phenyl group and a 
substituent is shown, R 4 shows a hydrogen atom, an alkyl group of the carbon numbers 1-10, a 
cycioalkyl group, or -COR 5 , and R 5 shows an alkyl group, a cycioalkyl group, or a phenyl group of 
the carbon numbers 1-10. 

[Claim 4]The manufacturing method according to any one of claims 1 to 3 whose content to a 
solvent of at least one compound of an ether compound and a carbonyl group containing 
compound is content that the sum total of said both compounds becomes the range of 0.1 to 20 
weight section per polymer 100 weight section. 

[Claim 5]The manufacturing method according to any one of claims 1 to 4 whose solvent is a 
halogenated hydrocarbon solvent. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method that the sulfonation thing of the 
polymer which has an aromatic ring in intramolecular can be manufactured with a high grade and 
high yield. 
[0002] 

[Description of the Prior Art]The polymer which has an anionic group in intramolecular is useful 
as functional polymers, such as ion-exchange resin and a solid acid catalyst, and the polymer 
which has a sulfonic group also especially in this is broadly used from the height, therefore 
performance of a degree of disassociation of a sulfonic group being excellent. These days, said 
not only use but the use as a solid polymer electrolyte for fuel cells for example, etc. are 
examined. Until now, for example The sulfonation thing of polyether ketone, the sulfonation thing 
of polysulfone, The sulfonation thing of polyether sulphone, the sulfonation thing of a 
polyphenylene sulfide, It is reported that polymer sulfonation things, such as a sulfonation thing 
of polyphenoxybenzoylphenylene, are useful as said polymers solid-electrolyte membrane for fuel 
cells, and a method of manufacturing these polymer sulfonation things efficiently is desired. 
[0003]Generally, as the method of sulfonation, a thing to be sulfonated is dissolved in a suitable 
solvent and the method of making it react, using chlorosulphonic acid, a sulfuric anhydride, 
fuming sulfuric acid, or concentrated sulfuric acid for example as a sulfonating agent is used 
widely conventionally. However, if said various polymers are sulfonated by this method, since it is 
insufficient in respect of yield etc., the sulfonation method as shown below is proposed. 
[0004KD How to make the Provisional-Publication-No. No. 25328 [ 57 to ] gazette polyether 
ketone react to concentrated sulfuric acid, and sulfonate it at an elevated temperature 
(preferably not less than 80 **). 

(2) How to add concentrated sulfuric acid further and sulfonate in two steps after making the 
Provisional-Publication-No. No. 89730 [ 62 to ] gazette polyether sulphone react to 
concentrated sulfuric acid. 

(3) How to sulfonate the ProvisionahPublication-No. No. 291920 [ 63 to ] gazette polyether 
ketone with gas-like S0 3 or chlorosulphonic acid. 

(4) The publication-number No. 22009 [ one to ] gazette polysulfone in the mixed solvent of the 
liquid A which is a poor solvent of a sulfonating reagent and is a non solvent of polysulfone, and 
the liquid B which is good solvents to both a sulfonating reagent and polysulfone. How to make 
react to a sulfuric anhydride or chlorosulphonic acid, and sulfonate. 

(5) How to sulfonate the publication-number No. 16126 [ two to ] gazette polyether sulphone 
with the concentrated-sulfuric-acid solution of S0 3 . 

(6) How to make the publication-number No. 208322 [ two to ] gazette polyether sulphone react 
to sulfonating agents, such as chlorosulphonic acid, and sulfonate it in concentrated sulfuric acid. 

(7) How to dissolve JP.6-931 14,A polyether ketone in sulfuric acid, make react to sulfonating 
agents, such as chlorosulphonic acid, and sulfonate. 
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[0005]However, the method shown in the above (1), (2), (5), (6), and (7) has the fault that, for 
example, great cost starts removal of sulfuric acid as a solvent or a sulfonating agent. 
Since an uneven and local reaction advances easily, only the thing of the heterogeneous 
characteristic that the sulfonic group is distributed selectively is obtained, but the method shown 
in the above (3) and (4) has the fault that quality maintenance is difficult, for example. 
Said each sulfonation method is still insufficient in the point of the improvement in yield 
altogether, and there are many problems as an industrial process. 
[0006] 

[Problem(s) to be Solved by the Invention]Then, this invention is providing the method it being a 
high grade and high yield, and the sulfonation thing of the polymer which has an aromatic ring in 
intramolecular being manufactured as an industrial mass production process with a low price 
moreover. 
[0007] 

[Means for Solving the Problem]In order to attain said purpose, a manufacturing method of a 
sulfonation thing of this invention, It is a manufacturing method of a sulfonation thing which 
carries out the sulfonation reaction of a polymer which has an aromatic ring in a main chain, and 
the sulfonating agent under solvent existence, and said solvent contains at least one compound 
of an ether compound and a carbonyl group containing compound. 

[0008]Generation and low sulfonation yield of a by-product traced that an intermolecular cross 
linkage of a reactant (polymer) was one of causes. [ in / result of wholeheartedly research / in 
artificers / a sulfonation reaction ] That is, if the molecular weight increases and such a reactant 
adheres to a reaction body wall by carrying out the intermolecular cross linkage of said reactant, 
the heat-conducting characteristic of said reaction machine will fall, and the internal 
temperature will rise. By the rise of internal temperature, further, a molecular weight of said 
reactant increases and viscosity of a reaction solution increases. As a result, since stirring 
efficiency of said reaction machine falls, for example, an uneven and local reaction advances 
easily, sulfonation yield also falls, and it is guessed that it becomes easy to generate a by- 
product. Then, this invention persons made either [ at least ] an ether compound or a carbonyl 
group containing compound exist in said solvent, and a manufacturing method of this invention 
which attains said purpose was found out by controlling an intermolecular cross linkage of a 
polymer. According to the manufacturing method of such this invention, a sulfonation thing of 
said polymer can be manufactured at a high grade and a high sulfonation rate. Since a polymer 
sulfonation thing [ high grade in this way ] can be obtained, separation refinement processes etc. 
can be skipped and low-cost-izing is also possible. Since control of a process is also easy, 
quality can be held stably, for example, it is useful also in a process of mass production, and 
excels in it extremely industrially. Thus, said manufactured polymer sulfonation thing can be 
broadly used for permselective membrane used for ion-exchange resin, a solid polymer 
electrolyte for a solid acid catalyst or fuel cells, microfiltration and ultrafiltration, reverse 
osmosis filtration, etc., or a conductive polymer, for example. In this invention, a "sulfonation 
thing" is the meaning including both sides of a gestalt of acid, and a gestalt of a salt. 
[0009]As for a polymer which has an aromatic ring in said main chain, in a manufacturing method 
of this invention, it is preferred that it is a polymer including a repeated structure unit expressed 
with said chemical formula (1). In said chemical formula (1), Ar which adjoins X serves as 
repeated structure of structure which adjoining AKs) coupled directly, when X do not exist. 
[0010]ln a manufacturing method of this invention, it is preferred that said ether compound is at 
least one compound of a compound shown in said chemical formula (2) and a chemical formula 
(3), and said carbonyl group containing compound is at least one compound of a compound 
shown in said chemical formula (4) and a chemical formula (5). 

[001 1]In a manufacturing method of this invention, it is preferred that content to a solvent of at 
least one compound of said ether compound and a carbonyl group containing compound is 
content that the sum total of said both compounds becomes the range of 0.1 to 20 weight 
section per polymer 100 weight section. Content of both sides of said both compounds may be 
sufficient as this content, and it may be content of one of compounds. 
[0012]In a manufacturing method of this invention, it is preferred that said solvent is a 
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halogenated hydrocarbon solvent. 
[0013] 

[Embodiment of the Invention]ln the manufacturing method of this invention, the polymer which 
includes the repeated structure unit shown in said chemical formula (1) as a polymer which has 
an aromatic ring in said main chain, for example is raised. Although the weight average degree of 
polymerization n in particular of said polymer is not restricted, for example, the ranges of it are 
10 million-10 million, the ranges of it are 5000-5 million preferably, and the ranges of it are 
10,000-3 million more preferably. 

[0014]As a repeated structure unit shown in said chemical formula (1), the repeated structure 
unit of polysulfone, the repeated structure unit of polyether sulphone, etc. are raised, for 
example. As an example, the repeated structure unit expressed to following-chemical-formula (6) 
- (10) is raised, for example. 
[0015] 
[Formula 6] 




- • -(6) 



[0016] 
[Formula 7] 




[0017] 
[Formula 8] 




[0018] 
[Formula 9] 




• • • (9) 



[0019] 

[Formula 10] 




••■(10) 



[0020]In said chemical formula (7) and said chemical formula (8), n is 1, 2, 3, 4, 5, or 6, for 
example, and m is 1 or 2 in said chemical formula (8), for example. 

[0021]The polymer which comprised any one kind of the repeated structure unit shown in said 
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chemical formula (6) - a chemical formula (10), for example may be sufficient as said polymer, 
and the copolymer which comprised two or more kinds may be sufficient as it. If required, a 
copolymer including the repeated structure unit of further others can also be used. It is 
preferred to include also in this the repeated structure unit shown in said chemical formula (6), a 
chemical formula (7), and said chemical formula (8), and it is including more preferably the 
repeated structure unit shown in said chemical formula (6). 

[0022]ln a manufacturing method of this invention, as said ether compound, What is mixed with 
said solvent and becomes homogeneity is preferred, and For example, alkyl ether of the carbon 
numbers 3-21, As for cyclic ether, such as alkyl aryl ether, aryl ether, dioxane, and a franc, 
polyalkylene glycol, and its mono- ******, a diether or ester, its sulfate, etc. are raised. It is a 
compound preferably expressed with said formula (2) and a formula (3) as mentioned above also 
in this. 

[0023]In said formula (2), an alkyl group, a cycloalkyl group, or a phenyl group of the carbon 
numbers 1-10 is shown, and R 1 and R 2 are an alkyl group of the carbon numbers 1-10, and a 
phenyl group, and are an alkyl group of the carbon numbers 1-10 more preferably, respectively. 
As an example of an ether compound shown in said formula (2), diethylether, diisopropyl ether, 
dibutyl ether, an anisole, diphenyl ether, dioxane, a tetrahydrofuran, etc. are raised,Tor example. 
Also in this, it is diethylether, diisopropyl ether, and a tetrahydrofuran and is diethylether more 
preferably. 

[0024]In said formula (3), A 1 and A 2 , Alkylphenyl group or -S0 3 M which has 1-3 alkyl groups of 
the carbon numbers 1-9 as a hydrogen atom, an alkyl group of the carbon numbers 1-10, a 
phenyl group, and a substituent is shown, respectively, and it is an alkyl group of a hydrogen 
atom and the carbon numbers 1-10, and is a hydrogen atom more preferably. A hydrogen atom, 
alkali metal ion, or ammonium is shown as mentioned above, and M is a hydrogen atom and alkali 
metal ion, and is a hydrogen atom more preferably. An alkylene group of the carbon numbers 2-4 
is shown, and R 3 are ethylene and a propylene group and are ethylene more preferably. An 
integer of 1-10 is shown, and n is 1-9 and is 2-7 more preferably. As an example of an ether 
compound shown in said formula (3), For example, polyethylene glycols, polypropylene glycols, 
polyoxyethylene alkyl ether, poiyoxyethylene alkyl phenyl ether, and polyethylene-glycol 
JISARUFETO are raised. Also in this, it is polyethylene glycols and polypropylene glycols and 
they are polyethylene glycols more preferably. The number of these ether compounds may be 
one, and they may use two or more kinds together. 

[0025]As said carbonyl group containing compound, What is mixed with said solvent and becomes 
homogeneity is preferred, and a carbon number For example, alkyl ketone of 3-21, Ketone 
compounds, such as alkyl aryl ketone and aryl ketone, an ester compound whose carbon 
numbers are carboxylic acid compounds, such as aliphatic carboxylic acid of 2-1 1 and aryl 
carboxylic acid, and these ester, etc. are raised. Aldehyde can be used. It is a compound which 
are a ketone compound, a carboxylic acid compound, and an ester compound, and is preferably 
expressed with said formula (4) and a formula (5) as mentioned above also in these carbonyl 
group containing compounds. 

[0026]In said formula (4), R 1 and R 2 show an alkyl group, a cycloalkyl group, or a phenyl group of 
the carbon numbers 1-10, and are an alkyl group of the carbon numbers 1-10, and a phenyl 
group preferably, respectively. As an example of a carbonyl group containing compound shown in 
said formula (4), For example, acetone, an acetophenone, an acetylacetone, diphenyl ketone, 
cyclohexanone, methylcyclohexanone, methyl ethyl ketone, methyl isopropyl ketone, methyl 
isobutyl ketone, etc. are raised. Also in this, it is acetone, an acetophenone, an acetylacetone, 
and methyl ethyl ketone, and is an acetophenone more preferably. 

[0027]R 6 in said formula (5) An alkyl group of the carbon numbers 1-10, An alkylphenyl group 
which has 1-3 alkyl groups of the carbon numbers 1-9 as a cycloalkyl group, a phenyl group, and 
a substituent is shown, and it is an alkyl group of the carbon numbers 1-10, and a phenyl group, 
and is a phenyl group more preferably. A hydrogen atom, an alkyl group of the carbon numbers 
1-10, a cycloalkyl group, or -COR 5 is shown, and R 4 is an alkyl group of a hydrogen atom and the 

r9 

http://www4.ipdl.inpit.go .jp/cgi-bin/tran_web„cgi_ejje?atw_u=http%3A%2F%2Fww... 201 0/0 1/29 



JP,2001-261818,A [DETAILED DESCRIPTION] 



Page 5 of 8 



carbon numbers 1-10, and is a hydrogen atom more preferably. An alkyl group, a cycloalkyl 
group, or a phenyl group of the carbon numbers 1-10 is shown, and R 5 are an alkyl group of the 
carbon numbers 1-10, and a phenyl group, and are an alkyl group of the carbon numbers 1-10 
more preferably. As an example of a carbonyl group containing compound shown in said formula 
(5), For example, benzoic acid, benzoic ester, isophthalic acid, phthalic anhydride, Acetic acid, an 
acetic anhydride, acetate ester, propionic acid, a propionic anhydride, propionate ester, butanoic 
acid, a butyric anhydride, butylate, a valeric acid, valerianate, cyciohexylcarboxylic acid, etc. are 
raised. Also in this, it is benzoic acid, benzoic ester, acetic acid, and acetate ester, and is 
benzoic acid more preferably. 

[0028]Also in these carbonyl group containing compounds, the carboxylic acid which has an 
aromatic hydrocarbon group in a molecule, ketone, and especially ether are preferred. The 
number of these carbonyl group containing compounds may be one, and they may use two or 
more kinds together. 

[0029]In a manufacturing method of this invention, as said solvent, a halogenated hydrocarbon 
solvent is preferred as mentioned above, and it is an aliphatic series halogenated hydrocarbon 
solvent of the carbon numbers 1 -2 more preferably, for example. To a sulfonating agent, an 
inertness thing of such a halogenated hydrocarbon solvent is preferred, and specifically, For 
example, methylenedichloride, 1 ,2-dichloroethane, an ethyl chloride, a carbon tetrachloride, 1,1- 
dichloroethane, 1,1 ,2,2-tetrachioroethane, chloroform, ethylenedibromide, etc. are raised. Also in 
this, it is 1 ,2-dichloroethane, 1,1,2,2-tetrachloroethane, and chloroform, and is 1,2- 
dichioroethane more preferably. If ranges of a carbon number of said halogenated hydrocarbon 
solvent are 1-2, the solubility of a sulfonating agent will become still better. 
[0030]In a manufacturing method of this invention, as said sulfonating agent, Although not 
restricted in particular, can use fluid S0 3 and S0 3 gas, S0 3 content gas and an S0 3 complex, 
chlorosulphonic acid, sulfuric acid, fuming sulfuric acid, etc., and, for example preferably, It is fluid 
S0 3 and S0 3 content gas and an S0 3 complex, and is fluid S0 3 more preferably. 
[0031]As said S0 3 content gas, that whose S0 3 concentration in inactive gas, such as nitrogen, 
dry air, and argon, is the range of 1 - 100 volume % can be used, for example, and it is the range 
of 2 - 50 volume % preferably, and is the range of 2 - 30 volume % more preferably. 
[0032]As said S0 3 complex, for example, a dielectric constant (25 **) is 11.5 or less, and it is 
preferred t 0 use inorganic matter of nine or less gas or a fluid or a complex with an organic 
compound preferably. Specifically, an S0 3 complex with dioxane, thioxan, pyridine, 
dimethylaniline, triethylamine, hydrogen chloride, benzoic acid, phosphoric acid triethyl, ethyl 
acetate, pulmitic acid ethyl, diethylether, morpholine, an isoquinoline, etc. is raised, for example. 
Also in this, it is dioxane, pyridine, triethylamine, and phosphoric acid triethyl, and is dioxane 
more preferably. 

[0033]An example of a manufacturing method of a polymer sulfonation thing of this invention is 
shown below. 

[0034]First, said polymer and at least one compound (henceforth an "additive agent") of said 
ether compound and said carbonyl group containing compound are dissolved in said solvent. It is 
not restricted, but especially an addition order of said polymer and said additive agent may be 
separate, and it may add simultaneously and it may be dissolved. Simultaneously with a 
sulfonating agent, said polymer may be added to a solvent containing said additive agent so that 
it may mention later. 

[0035]The amount of said solvent used is the range of one to 100 weight section as opposed to 
polymer 1 weight section, is the range of two to 90 weight section preferably, and is the range of 
five to 80 weight section more preferably. 

[0036]The amount of said additive agent used is the range of 0.05 to 50 weight section as 
opposed to polymer 100 weight section, is the range of 0.1 to 20 weight section preferably, and 
is the range of 0.1 to 1 0 weight section more preferably. If the amount of said additive agent 
used is 0.1 or more weight sections, it can fully control intramolecular or an intermolecular cross 
linkage. On the other hand, if the amount of said additive agent used is 20 or less weight 

<ot> 
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sections, bridge construction depressor effect is still better, in a solvent recovery process, 
separation with a polymer sulfonation thing can be performed efficiently, a sulfonating agent will 
react effective in a polymer, and a sulfonation rate will improve further. Said additive agent is the 
range of 0.0005 to 50 weight section as opposed to said solvent 1 00 weight section, is the range 
of 0.001 to 10 weight section preferably, and is the range of 0.001 - the amount part of duplexs 
more preferably. As said additive agent, said ether compound or a carbonyl group containing 
compound may be used alone, respectively, and said both may be used together. 
[0037]And said sulfonating agent is added to a solvent which dissolved said polymer and said 
additive agent, and a sulfonation reaction is performed to it. 

[0038]It is a mole ratio per 1 mol of repeated structure units of said polymer, and a using rate of 
said sulfonating agent is the range of a 0.5 to 20.0 time mol, and are the 0.7 to 8.0 time range of 
mol, and a range which is 0.8 to 5.0 time mols more preferably preferably, for example. If said 
mole ratio is more than a 0.5 time mol, a sulfonation rate can become still more enough, and, on 
the other hand, can further fully control bridge construction between [ that a mole ratio is below 
a 20.0 time mol ] said polymer intramolecular or a molecule, and generation of a by-product can 
also be controlled still more effectively. 

[0039]Although said sulfonating agent can be introduced into a solvent which dissolved said 
polymer and said additive agent by arbitrary methods, for example, it is preferred for it to be 
[ being a gas or ] liquefied and to supply continuously for example. It is the method of it being 
[ being a gas or ] liquefied and supplying to a solvent which dissolved said additive agent 
continuously as a more desirable introducing method, simultaneously with said polymer. 
[0040]For example, a range of temperature of a sulfonation reaction is 5-80 **, a range of it is 
20-70 ** preferably, and a range of it is 30-50 ** more preferably. Problems, such as coloring, 
can also be avoided without advance of a reaction becoming it still better that reaction 
temperature is not less than 5 **, and being able to prevent scattering of a solvent as it is 80 ** 
or less, and concurring with a side reaction. 

[0041]In a manufacturing method of this invention, a sulfonation thing is obtained in the state 
where it distributed in said solvent, after said sulfonation ending reaction, for example. For 
example, if said solvent and an additive agent are distilled out of dispersion liquid of this 
sulfonation thing, a sulfonation thing made into the purpose can be obtained by a high grade. 
[0042] 

[Example] Next, although an example explains this invention still in detail, this invention is not 
limited to these examples. 

[0043](Example 1) Using the reaction apparatus provided with the homomixer shown in drawing 1, 
as it was shown below, said polymer was sulfonated. 

[0044]This reaction apparatus 1 is provided with the glass reaction vessel 21 and the agitator 10 
(desk type M type of special opportunity-ized industrial company make and registered 
trademarks "T. K. homomixer R ") like a graphic display. The agitator 10 comprises the motor 11, 
the agitating blades 13, and the stator 14. The axis of rotation 12 is connected with the actuator 
of the motor 1 1 . 

The agitating blades 13 are attached at the tip of this axis of rotation 12. 
The sectional shape of the stator 14 is a reverse concave. 

It is arranged in same axle, and it combines with the tip of the fixed axis 1 5 connected with the 
motor 11, and is being fixed to the surroundings of the axis of rotation 12 so that the agitating 
blades 13 may be located in the building envelope. 

Two or more breakthroughs 16 penetrated up and down are formed in the stator 14. And it has 
been arranged so that the agitating blades 13 may be located under the reaction vessel 21 
inside, and the axis of rotation 1 2 and the fixed axis 1 5 penetrated the lid 29 arranged at the 
upper opening of the reaction vessel 21, and this agitator 10 has connected it with the motor 1 1 
arranged to the reaction vessel 21 exterior. As for the reaction vessel 21 , the exterior is covered 
with the heat exchanging jacket 28. 

Temperature control is carried out to the crevice between the reaction vessel 21 and the heat 
exchanging jacket 28 by circulating water, warm water, a steam, cold, etc., for example. 
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As for the heat exchanging jacket 28, the outlet 24 to which the feed hopper 23 which supplies 
said chilled water to the crevice between the reaction vessel 21 and the heat exchanging jacket 
28 discharges said chilled water in the upper part (it is the upper left in a figure) is formed in the 
lower part (in a figure, it is the lower right), respectively. The packing material 27 is fitted in the 
pars basilaris ossis occipitalis of the reaction vessel 21 and the heat exchanging jacket 28. 
The two nozzles 25 and 26 for feeding are arranged so that this packing material 27 may be 
penetrated and that end may be located just under the agitating blades 13. 
The output port 22 which is made to overflow the reaction mixture stirred by the inside, and is 
taken out outside is formed in the upper part (in a figure, it is the upper right) of the reaction 
vessel 21. 

[0045]first, the polysulfone (the Teijin Amoco Engineering Plastics company make.) of marketing 
which comprises a repeated structure unit expressed with said chemical formula (6) Trade name: 
YUDERU P-1700-NT11 100 weight section was dissolved in 1,2-dichloroethane 3900 weight 
section, further, acetophenone 5 weight section was added and the raw material solution was 
prepared. 

[0046] Beforehand, to the reaction vessel 21 (capacity of 575 ml) of this reaction apparatus 1, fill 
1,2-dichloroethane, and in this state. Said raw material solution (speed of supply: a part for 75g/) 
prepared from the nozzles 25 and 26, and S0 3 (speed of supply: 0.85 g/min) The mole ratio 2.5 
to 1 mol of repeated structure units of polysulfone is supplied toward the arrow directions 31 . 
and 32, respectively, it started and stirring was made to react on conditions with a number of 
rotations of 5000 rpm of the agitating blades 13. And reaction temperature was kept at 40 ** by 
supplying chilled water in the arrow 41 direction from the feed hopper 23, making this discharge 
in the arrow 42 direction from the outlet 24, and circulating through chilled water in said heat 
exchanging jacket 28. In this reaction apparatus 1, said polymer and sulfonating agent which were 
supplied from the nozzles 25 and 26 arranged just under the agitating blades 13 are stirred in the 
building envelope of the stator 1 4. Under the present circumstances, shearing force occurs in 
the gap part of the agitating blades 13 and the stator 14. And the stirred reaction mixture passes 
through the breakthrough 16 provided in the stator 14 from the building envelope of the stator 
14, and as shown in the arrow 34, it circulates through the inside of the reaction vessel 21 up 
and down. In this circulation, a part of reaction mixture is stirred again in the building envelope of 
the stator 14, and a part is overflowed and is discharged from the output port 22. 
[0047]30 minutes after the reaction start, after the temperature of reaction mixture and the 
situation of reaction mixture were stabilized, made reaction mixture overflow, reaction mixture 
was made to flow out of the output port 22 provided in the reaction vessel 21 in the arrow 33 
direction, and extraction of output was started. 1500 g of output was acquired in 20 minutes 
after an extraction start. The solvent (1,2-dichloroethane) was distilled out of the acquired 
output, and the white solid containing the target sulfonation thing was obtained. 
[0048]About this sulfonation thing, sulfonation thing yield (sulfonation rate) and mineral 
constituent content were investigated by the method shown below. The result is shown in the 
following table 1. 

[0049](Sulfonation thing yield) It asked for sulfonation thing yield from the ratio of the ultimate 
analysis value of the sulfur S in the obtained sulfonation thing. 

[0050](Mineral constituent content) Sodium hydroxide solution neutralized the obtained 
sulfonation thing, the amount of sodium sulfate in the solution was quantified with ion 
chromatography, and the weight ratio to the amount of solid content of said sulfonation thing of 
this was evaluated as mineral constituent content. 

[0051](Example 2) polyether sulphone (the product made from Teijin Amoco Engineering 
Plastics.) of marketing which comprises a repeated structure unit (n= 1) which replaces with the 
polysulfone of said Example 1 and is expressed with said chemical formula (7) Trade name: The 
sulfonation reaction was similarly performed using the same device as said Example 1 except 
having used Redel A-300-NT. And it analyzed like said Example 1 about the obtained solid. The 
result is shown in the following table 1. 

[0052](Example 3) The sulfonation reaction was performed like said Example 2 except having 
http://www4.ipdl.inpit.gojp/cgi-bki/tran_web_cgi_ejje?atw3=http%3A%2F%2Fww... 2010/01/29 
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replaced with acetophenone 5 weight section and having used diethylether 1 5 weight section. 
And it analyzed like said Example 1 about the obtained solid. The result is shown in the following 
table 1. 

[0053](Example 4) the polyether ether ketone (the product made by ICI.) of marketing which 
comprises a repeated structure unit (n= 2, m= 1) which replaces with the polysulfone of said 
Example 1 and is expressed with said chemical formula (8) Trade name: The sulfonation reaction 
was performed like said Example 1 except having replaced with acetophenone 5 weight section 
and having used polyethylene-glycol (PEG, MW=200) 1 weight section using Victrex PEEK 450P. 
And it analyzed like said Example 1 about the obtained solid. The result is shown in the following 
table 1. 

[0054](ExampIe 5) the polyphenylene sulfide (made in Philips.) which comprises a repeated 
structure unit which replaces with the polysulfone Of said Example 1 and is expressed with said 
chemical formula (9) Trade name: The sulfonation reaction was performed like said Example 1 
except having replaced with acetophenone 5 weight section and having used benzoic acid 0.2 
weight section using Lighton R-4. And it analyzed like said Example 1 about the obtained solid. 
The result is shown in the following table 1. 

[0055](Comparative example 1) The sulfonation reaction was performed like said Example 1 
except not using an acetophenone. And it analyzed like said Example 1 about the obtained solid. 
The result is shown in the following table 1. 

[0056](Comparative example 2) The sulfonation reaction was performed like said Example 2 
except not using an acetophenone. And it analyzed like said Example 1 about the obtained solid. 
The result is shown in the following table 1. 
[0057] 
(Table 1) 

sulfonation thing Polymer Additive agent Yield Mineral constituent content (%). ( %) The example 1 

polysulfone acetophenone 95. The 5 example 2 polyether-sulphone acetophenone 96. 4 example 3 polyether-sulphone diethylether 

96 5 example 4 P oi y ether-ketone PEG 97 3 example 5 polyphenylene-sulfide benzoic acid 96 4 comparative- 
example 1 polysulfone 89 14 comparative-example 2 polyether suipnone 87 15[0058]As shown in said table 
1, according to the Examples 1-5, the sulfonation thing with as little mineral constituent (part for 
sulfuric acid) content as [ below 5 % of the weight (opposite solid content) ] was obtained as 
highly [ sulfonation thing yield ] as not less than 95%. On the other hand, in the comparative 
examples 1 and 2, sulfonation thing yield was as low as 89% or less, and mineral constituent 
content was as high as 1 4 % of the weight or more. A lot of affixes were observed by the wall of 
the used glassware in said both comparative examples. 
[0059] 

[Effect of the Invention]As mentioned above, according to the manufacturing method of this 
invention, the sulfonation thing of the polymer which has an aromatic ring in said main chain can 
be obtained with a high grade and high yield. Such a method is very useful in an industrial mass 
production process from low-cost-izing and simplification of a process being possible. Said 
polymer sulfonation thing manufactured by the manufacturing method of this invention can be 
broadly used for the permselective membrane used for ion-exchange resin, the solid polymer 
electrolyte for a solid acid catalyst or fuel cells, microfiltration and ultrafiltration, reverse 
osmosis filtration, etc., or a conductive polymer, for example. 
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[0 0 4 1] *Sffl©«ftHfcfc*5^T, *MEX;l/*> 

etui ets$ t »»j t *s£*fttr* a m 1 1 
zxmyitmmmmx-m z. tint*. 

[0 0 4 2] 

[0 0 4 3] (H»J1) H 1 few**** 
[0 0 4 4] H^OJ;5^ ilcDSJS^Kl^ 

mvmmz i t»ii o a 

iMf TT. K. H5W J J O^l^^yMl) 

t*i*.T^*. wwii otis t-^-i k mm 

mi 3«5itfXr-^-l 4«»&*«*nT^«. 

c mm l 2 ©$feS8fcflM$33ffi l 3 mVMibhT 
Xr-^-1 414, ^©»f5iff»^H«T^ 

mmi 2©siDtra«i«fcEi*tu t-^-i iKi 

ipiciBKSn, HSttl 2te«ttfH®»l KfS 

mm i ©±^BBpa5fcEitnfeg2 9*i»ut, 
EJS8S2 mmcmm-znrct-z-i i tigtr 

sx-mbftTSo*), s&tmz i mi&kv^'rv v 2 

•yh2 8«, ^©TSP (HfcteV^T) fc» 
t 2 1 7 b 2 8 fc©IWHIlcttlE»*»*#fc 



11 

iffia^kWPtttir 3#ffip 2 4 mnzmifBftx 

l^S. £jSI?if§2 1 fc«fctf*S3l5>irfry h 2 

fctt* /^y+yM2 7^}fS$nTtelP, C©/^y*y 

m immu *r>, ^©-ttbwimi 3 ©xt 
fcfflrr * a ? fcr*©n^#tiaffl / x>v 2 5 , 2 6 ^ 
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[0045] si\ shears (6) xmtimm 

^ >>V7* nx> 5*17 'J yyfy^v ?f±ik 
% f;VP-l 7 0 0-NX1 1) 10 0M1SP 
1, 2-5>*ODX*y3 9 0 0M»fc}8f»* 

^frliSl/fto 

[0046] ctogjsgs 1 ©s«2 1 mms 7 

5ml) m 1, 2-^nni?VW;LT 

*5*s yx;i/2 5, 2 6*^, mmLtcM 20 

IBUMI : 7 5 g/#) t S 0, (t^M 

g : 0. 8 5 g/m i n, #y X;l/*;y<DfIDjIUt3l 

*tti*;i/K:»ts-t;nt2. 5) tzznznmis 

ft 3 K 3 2fcftoTttfSU l?$l*Sl 3©HliE&5 
0 0 0 r P m0^1fiSfl!*BBSfiUTS*S«^fe. *U 
T, ffl&t&£& J r*y ^ 2 8rttx flttftP2 3*»6* 
EP4 1 SlfttftiMMRIftU Cft*»tHn2 4fr&fcfl] 
4 2imt1fflttrm&fflW&Z S(S 
g^4 0°Ctc«ofc 0 COSfSStlfc^T, 8H¥ 
>KSl 30SETKSfi?nft/X;l/2 5, 2 6A>6ffi^ 30 
«ftftttB«<rtM8J:tf 7r-£- 1 

4 ©rtg«t*5^titff?n§c cob, wn 

3fcXr-*-l 4tOP»^tfc'V^T, J9Wtfjtf8 
3EtS D ^LT, BBteftfefilSilHk 4 

6 £1 1) &W\ £EP 3 4 «fc 0 KKJSggg 2 1 ft£ 

±.wmt%o zoymtisws mmo-m. 

*-/S-7D-LTJRt!ibP2 2frB$ffl£tl 
?>o 40 

[0047] gjSHS&fre. 3 om ®s«oiafi*5«}; 

-**T» £fS882 l fctgtf 5>ftft&fcHbP2 2frB 
L/to Wm&frZ 2 OMt', 1 5 0 0 g©£fi« 

[0 0 4 8] c©x;i/*yfk*fcov»T % ttTfcSf# 
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[0 0 4 9] (*;l>*y{fcftiK*) ff6tifcx;l/*yffc 

* fc* w mm s ©Tcss^sf fiio jt**> 6 x/u* y\m 

[00 5 0] ft 5 life*** ffltt 

^7]<^{tt h U 7 ATfcJSiSk: J; 0 U *OJS«t*0 

[0051] mm&i 2 ) iu!B»J l ofs y x;V* y 
fcfWTIMBfb^a (7) T?«*ti*ll0jSL«Bfi*ffi 
(n= 1) 6»6«ja«nTV^*?pjRO#Ux-^;l/X/U 

(SO iSfi* : U-r>l/A-3 0 0-NT) S:ffiv^ 

v^T, t5IB»iJli:ratKbT^mffofc 0 ^OIS 

[0 0 5 2] (^»3) 7-th7x/y5ll8f5t^ 
^T~7xf-;l/x-T;H 5MW««^fcWj1*tx S9fB 

[0 0 5 3] (*SlfW 4 ) m 1 o# U 7s;V* y 

tft*T» tmfl^a (8) T-a^ns^ijsuii* 

fit (n = 2, m=l) fr6«*«nT^*flJKO#Ux 
-7;bx-r;l/^hy (I C Ittl AA« : k!*M/ 
>y^77 PEEK 4 5 0 P) b7x/>' 
5ttg«X.T#Ux?U:/?'y3-/U (PEG, M 

w = 2 o o) i nmfeftvTd&m. wmmmm 1 1 

Hfttc-^T, tufBWJl tra«tLT^«ffo 

[0054] (mm 5 ) tui3*»j i y y 

fcfUT\ tufBfb^xt (9) ?g?nS«»7Sb«Bi*. 

s^e.«snT^§t°y7xxbyx;i/7^ f (7^ 

ij^xm Sf B «: %m\ 7-fe 

h 7 x / y 5 SlWtft^TfiASKO . 2 M»gfi%ffl 

Sffoft. ^UT, ^P,n/cH*(CO^Ts MI3»J 

to 

[0 0 5 5] (tbWIl) 7-feh7x/>*ffifflbftV> 

ofc 0 ^bTv fie,nfc0mco^T, mib*»ji^ 

raftfc LTiMffftff oft. ^OIS^TIBS l fcSt. 
[0 0 5 6] OtiKW 2 ) 7ir h 7 x / >^«J1 Lft^ 

i-X^fi, ffi9QHI2 tmmicbx^v^yitm^i 
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*■ nw 


7Wi/y 


9 5 


5 


mm 2 




miiiy 


96 


4 




%' 'Ji-f hJW 


V Ifil-Tir 


9 6 


5 




it u-tmy 


PEG 


97 
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mm 




mm 


96 


4 




*' w> 




89 


1 4 


am 2 






8 7 


1 5 



[00 5 8] fulfil 1 t^t<fc 3 Hid 1 ~ 5 fc<fc 

htf, x;V*yfl*iRW9 5%U±i:*<, fr^fc* 

ojt»») swiff 521% (mm) wt^> 

£1? 2 fcfcvm a;l/*yftttiK*tf 8 9 %tt~F^ft 

ft. MfEWItKWlcfc^m flWUfe^^ftBOrt 
IfC £*©tt»»«£txfto 
[0059] 

*s sat. ^oaiR$'eiiscfc^*5. cOcfcd 

ft, #3i80S!i6£i£fc £ 0 K5t2ftftiufE«£{*x/b 



1 2 
1 3 
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24 
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mm 
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6 : WWtt&JB/** 
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mMf5liHK*RFf-Ti3#7^ yJt S£fPfifflE*F/HT@ 3#7 ^ 7^* 

(72)3»B« HI? SIS F 2-A(##) 4J005 AA24 BD06 

mMH5ifflK*PiT-T@3S7# 4J030 BA09 BA42 BA43 BA48 BA49 

yflS&gfttrt BD09 BF19 BG22 BG34 



